Nutmeats as a potential source of microbial contamination of foodstuffs was not reported until 1927 when Weinzirl (12) found that candies containing nuts had more bacterial contamination than candies without nuts. In a later study (13) he indicated that the nutmeats were the source of the contamination, but attributed this primarily to unsanitary practices by the vendors handling the nuts. Further investigation revealed that, insofar as pecans were concerned, there was no one area in pecan processing that could be specifically cited as a contamination trouble spot, but that the entire process, involving tempering, cracking, shelling, storage, and handling, contributed to contamination (3, 9, 10, 11) . Standard methods for decontamination of nuts at shelling plants were proposed (11) .
It has been shown that some Escherichia coli on walnut hulls remain through the tempering process and subsequently contaminate the nutmeats (8) . The walnut industry is becoming aware of the potential hazard caused by maintaining livestock in orchards (1). Chipley and Heaton (4) obtained shelled pecan samples from commerical operations and found that 20% of them tested positive for E. coli. This is of direct concern both to the producer, as evidenced by Food and Drug Administration seizures of such contaminated pecans (2) , and to the consumer, as pecans are often eaten raw or entered raw into already cooked foods such as candy. Kokal and Thorpe (7) consisted of 100 to 150 g of in-shell pecans, out of which 50 g were rinsed in sterile buffer by the method of Hyndman (6) . Serial dilutions ranging from 1 to 10-5 ml were made of the washings, inoculated into tubes of lauryl sulfate tryptose broth (LST), and incubated at 35 C for 48 h. After 24 and 48 h of incubation, all samples showing gas production were inoculated into tubes of EC medium and incubated at 45.5 C (5). Gas-positive samples after 48 h of incubation were inoculated into eosin methylene blue agar plates and incubated at 35 C. Different morphological type colonies on the eosin methylene blue plates were tested for indole-methyl red-Voges Proskauer-citrate (IMVIC) reactions.
Penetration of unbroken shells by E. coli. Five replications of five nuts each of the pecan cultivar Cape Fear, having no visible cracks, were placed in lactose broth inoculated with E. coli. After 24 h at room temperature, the nuts were removed, surface sterilized in a 0.1% mercuric chloride solution, rinsed three times with distilled water, and aseptically cracked. Pieces of nutmeat and middle septum were removed and placed directly into tubes of LST broth. A sterile cotton swab was moistened in sterile buffer, wiped across the inside surface of the shell, and then placed in LST broth. These tubes were incubated at 35 C and observed for gas formation after 24 RESULTS AND DISCUSSION E. coli on pecans from grazed versus nongrazed orchards. There were about six times as many E. coli-contaminated samples collected from grazed orchards than from ungrazed ones ( Table 1) . This proportion of contaminated samples was obtained during both the wet (1970) and the dry (1971) years, but the levels of contamination were greater during the wet year, with over one-third of the nuts being contaminated.
A comparison of harvesting methods in these orchards revealed no differences in frequency of contamination between mechanically and manually harvested nuts ( Table 2) . Penetration of unbroken shells by E. coli.
After 48 h of incubation at 35 C, none of the LST broth tubes containing nutmeat, middle septum, or cotton swabs developed gas, indicating that the bacteria did not move through the intact shells to the pecan kernels. Formation of cracks and induced suture openings. Of the 25 nuts soaked in water for 1 week, 6 opened along the shell suture lines. This study suggests that, even though E. coli would not move through unbroken shells of pecan nuts, it is possible for these shells to open along suture lines or be cracked in the field and thereby present an entrance for contamination into the nutmeats. This, in combination with the fact that there is a sixfold increase in contamination on nuts from grazed orchards over those from nongrazed orchards, would indicate that greater care will have to be exercised in pecan orchards than is currently being done to avoid E. coli contamination. The eventual permanent removal of cattle from pecan orchards may become a necessity.
